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© A process and an apparatus fcr treatment of manure, in particular liquid manure. 



© A process and an apparatus for continuous re- 
moval of ammonia and phosphate from liquid ma- 
nure by a stripping process. The remaining watery 
fraction from which the ammonia and phosphates 
are removed is filtered by a plot of land that acts as 
a filter for, mainly, the remaining organic material. 

The ammonia and phosphates are recovered 
and can be sold as a fertiliser. 

The apparatus comprises a stripper/absorber (4) 
to which the manure can be supplied and where, 
with the addition of lime (5), ammonia and phos- 
phate can be removed from the manure, the 
stripper/absorber containing a first contacting unit, 
^.for bringing the liquid manure into contact with a 
^flow of warm air to strip carbondioxide and part of 
the ammonium from the manure. 
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A process and an apparatus for treatment of manure, in particular liquid manure. 



The invention concerns a process to treat ma- 
nure, especially liquid manure. 

The processing of manure from the livestock 
industry is a big problem already for a number of 
years. The quantities of produced manure are too 
great to be used as usually as a fertiliser for the 
farmland near the livestock farms. There Is there- 
fore a need for a method to process the excess 
manure relatively economically and without harm to 
the environment. 

The object of the invention is to fulfil this need. 

This object is achieved according to the inven- 
tion by stripping the manure from ammonia and 
phosphates and filtering the remaining watery frac- 
tion by a plot of land in order to remove the 
organic material from the watery fraction. 

In the following the invention will be further, 
described, referring to the drawings. 

Fig. 1 illustrates in a diagram a process 
according to the invention. 

Rg. 2 shows, in a diagram, a 
stripper/absorber suitable for the application of the 
process. 

Referring to Rg. 1 the manure of a number of 
manure producing farms, for example pig-farms, 
indicated at 1, is transported with tank cars to a 
receiving basin 3. The manure from basin 3 is 
transported to a stripper/absorber 4, where the 
phosphate and the ammonia are removed from the 
manure. A suitable stripper/absorber will be de- 
scribed furtheron. It is noted, that lime 5 is added 
from lime silo 6 to stripper/absorber 4, and an acid, 
for example sulphuric acid, 7, is added from a tank 
8. 

The stripper/absorber has a first outlet 9 for 
water and the accompanying lime compounds, and 
a second outlet 10, for ammonia in the form of an 
ammonia salt solution. The ammonia solution is, In 
this example, transported to a temporary storage 
1 1 , and can be transported from the storage 1 1 to 
a dryer 12 as is indicated in a diagram through line 
13. 

The dryer 12 is preferably one common dryer 
for a number of stripper/absorbers. The transport 
between the storage 11 and the dryer can be by 
pipeline, road-rail or waterway transport. 

The water, and the lime compounds from the" 
stripper/absorber are transported to a settler 14. 
The sediments will preferably be transported to a 
settler 15 for further concentration. 

For this purpose the settler can be equiped 
with a pump or a transport screw 16. The liquid 
from the settler is, according to this example, trans- 
ported to a basin 17, that also serves as an over- 
flow basin for the settler 14. It has to be noted, that 



in the stripper/absorber also a concentration step 
can take place, as will be explained later. The 
content of the basin 17 consists of a watery fraction 
without ammonia and phosphate. 

5 For environmental reasons this watery fraction can- 
not be discharged on open water. The fraction 
contains namely, among other components, too 
much organic material. The removal of the organic 
material by means of existing equipment is rela- 

10 tively expensive and time consuming. 

According to the invention, the watery fraction 
containing only very small amounts of ammonia 
and phosphates is tripped from its organic material 
with the aid of a plot of land. 

75 For this purpose the watery fraction can be 

sprayed over a patch of land, or can be infiltrated, 
using drain pipes. The last mentioned technique 
makes it possible to process the watery fraction 
also during frost periods. In both cases, the land 

20 functions as a very large and low cost filter for 
organic material. 

The watery fraction can also be carried away 
by the manure producers for example In a tank car 
18, and be distributed over land 19. 

25 Also distribution of the watery fraction over the 

land close to the stripper/absorber is possible. 

To the settler a poly-electrolite can be added, 
as is indicated by 20, to improve the separation 
process. 

30 The concentrated lime sludge from separator 

15 can be transported to dryer 12. The dried lime 
sludge and the dried ammonia salt can be bagged 
as is indicated by 21, and be stored in storage 
house 22 for further sale. 

35 In the diagram a natural gas pipe line 23 to the 

dryer is shown. Furthermore, at 13' is indicated 
that the dryer can also handle other material than 
that from the stripper/absorber. 

When, as indicated, a stripper/absorber with 

40 separators operates for, for example, 10 manure 
producers, the bulk of the transport only covers 
short distances, only the much reduced quantities 
of lime sludge and ammonia salt solution have to 
be transported over larger distances. By doing so, 

45 the required road traffic is reduced. 

A suitable stripper/absorber can be constructed 
in various ways, it is possible to strip ammonia 
from manure by steam stripping or by conventional 
air stripping. Also a new air stripping process can 

50 be used that does not require an acid. The ammo- 
nia is then recovered as a concentrated solution in 
water, instead of as an ammonium salt. The latter 
process is described in the applicants' Dutch pat- 
ent application 8400686. Furthermore the so-called 
nitrification process can be used. In the following 
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an improved stripper/absorber is described with 
reference to Fig. 2. 

Liquid manure 30, stripped of solid material, is 
brought into contact with a warm, satured airflow 32 
in packed column 31. Hereby a part of the ammo- 
nia will be stripped from the liquid manure. 

In order to make stripping of all of the ammo- 
nia possible the pH of the liquid manure should be 
Increased to 10-11. This can be achieved by add- 
ing lime, slaked lime, dolomite or lye, to the ma- 
nure. The lime reacts also with the phosphate to 
from calcium phosphate. Liquid manure contains 
much carbon dioxide, and a large part of it will be 
stripped from the manure by an airflow 32. As 
carbondioxide reacts with lime, the stripping of 
carbondioxide in column 31 results in an about 
40% lower lime consumption when the pH has to 
be brought to 10*11. This leads to a significant 
saving as compared with the conventional air strip- 
ping process where all the carbondioxide has to be 
bound to the lime. 

The liquid flow 33 from packed column 31 is 
increased in temperature by a heater 34, too, for 
example 65°C, after which, at 35, lime, unslaked 
lime, or dolomite is added to increase the pH. 
Next, in a packed column 36, the liquid flow is 
brought into contact with a second recirculating 
airflow 60. Hereby the remaining ammonia is 
stripped from the liquid. 

The airflow 61 from the column 36 is, in a 
column 37 brought into contact with a water flow 38 
in which an acid is dissolved. The acid reacts with 
the ammonia to form an ammonium salt. The pro- 
duced salt is removed as a solution at 39. At 40 
acid is added and at 41 water. The control of the 
flows 39, 40 and 41 takes place by, respectively a 
level, pH and specific gravity control. The hot liquid 
flow from column 36 is brought into contact in a 
packed column 42 with the airflow 32, whereby 
heat is transferred from the liquid flow to the air- 
flow. A water flow 53 from column 42 contains lime 
compounds and organic material. The lime com- 
pounds and part of the organic material are sepa- 
rated in the separator 14 (Fig.1). 

The separator can be a sewage farm, a de- 
canter or an other known device. 

In case the pollution of the packed columns 
and pipes, due to the lime compounds, is too 
severe, a settler 14 and if necessary a decanter 16 
can be installed in the liquid flow to column 42. or 
even before column 36. 

The liquid from the separators can be returned 
to the main stream as is indicated in Rg. 2. 

The use of a sewage farm is then, however, not 
possible. 

The lime sludge from 14 and 16 is indicated by 

52. 

The watery fraction from the packed heat trans- 



fer column 42 is indicated by 53. 

The airflow 32 is brought in the packed col- 
umn 42. in direct contact with the warm liquid flow 
and is thereby heated and saturated with water 
s vapor. 

The outflowing warm airflow 32 goes to the 
packed column 31 where, as explained earlier, the 
liquid flow 1 is heated by direct contact with the 
airflow 32. 

w The heating takes place mainly by condensa- 
tion of water vapor from the airflow into the water 
• flow. 

The outflowing airflow 48 contains ammonia, 
carbondioxide, water vapor and foul smelling com- 

1$ ponents from the manure and can, for environmen- 
tal reasons, not be discharged to the atmosphere, 
without further treatment. The airflow 48 is there- 
fore first transport ed to an absorber 49 where in a 
similar way as in the column 37 ammonia and an 

20 acid are bound forming an ammonium salt. 

The airflow 50 from column 49 does not con- 
tain ammonia, but will still contain the foul smelling 
components that can be removed for example in a 
biofilter 51 . 

25 As is known, a biofilter is not very suitable for 

breaking down ammonia, and for that reason the 
biofilter is preceded by the column 49. 

An advantage of an open airflow 32, 48, 50 and 
a closed air circulation 60, 61 is, that the carbon 

30 dioxide can be removed with the open airflow, 
resulting in a substantially lower lime consumption. 
Moreoverthe amount of air in the open circuit can 
be chosen for maximum heat transfer in the col- 
umns 42 and 31. From the enthalphy diagram of 

as water saturated air can be calculated what the 
optimum airflow will be to exchange the maximum 
amount of heat between one water flow to another 
by direct contact with an airflow between two 
packed columns. 

40 In contrast from what is often believed, the 

optimum airflow for heat transfer is much smaller 
than the optimum airflow for stripping of ammonia 
from the same water flow. 

The closed airflow can be designed for maxi- 

45 mum stripping efficiency. The stripping efficiency 
increases at a higher temperature of the columns 
36, and of a larger airflow 60. The airflow 60 is 
about 2 to 4 times the airflow 32. 

There where a packed column is mentioned as 

so a means of contact, also another suitable device 
such as bubble caps can be used. 

The described stripper/absorber is particularly 
efficient because the stripping takes place at a high 
temperature. 

55 Furthermore most of the added heat is re- 

cuperated, because of the high temperature patho- 
genic germs and seeds will be killed so that the 
watery effluent can be infiltrated, or sprayed on 
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land without risks of diseases. 

Furthermore the lime consumption for the strip- 
ping process is greatly reduced because most of 
the carbondioxide is removed before the lime is 
added as is noted before, also other methods to 
remove ammonia and phosphates can be used. 

It has to be noted that after the preceding, 
various modifications are obvious for an expert. 
Such modifications are supposed to be in accor- 
dance with the invention. 



Claims 

1. A process for treatment of manure in par- 
ticular liquid manure, characterized in that the ma- 
nure is stripped from ammonia and phosphates 
and the remaining watery fraction is filtered by a 
plot of land in order to remove the organic material 
from the watery fraction. 

2. A process according to claim 1, character- 
ized in that the watery fraction is sprayed on a plot 
of land. 

3. A process according to claim 1, character- 
ized in that the watery fraction Is infiltrated in a plot 
of land. 

4. A process according to one of the preceding 
claims, characterized in that the watery fraction, 
after the removal of at least a part of the ammonia, 
is subjected to at least one concentration process. 

5. A process according to ciaim 4, character- 
ized In that the watery fraction from the concentra- 
tion process is added to the main flow for further 
treatment. 

6. A process according to claim 5, character- 
ized in that the remaining ammonia is removed 
from the watery fraction in a further treatment 

7. A process according to one of the preceding 
claims, characterized in that a nitrification process 
is used for the removal of the ammonia. 

8. A process according to one of the claims 1- 
6, characterized in that for the removal of ammonia 
and phosphate, the manure will be subjected to a 
stripping process. 

9. A process according to claim 8, character- 
ized in that the stripping process is steam strip- 
ping. 

10. A process according to claim 8, character- 
ized in that the stripping process is an air stripping 
process. 

11. A process according to claim 10, character- 
ized in that the air stripping process consists of the 
use of a first open, warm and humid air flow, and a 
second closed air flow. 

12. A process according to one of the claims 8- 
1 1 , characterized in that the manure is transported 
to a collecting unit, that the collected manure as 
iiquid manure is fed through a stripper/absorber for 



the removal of ammonia and phosphates while lime 
or lye Is added, whereby via a first pipe water and 
lime compounds are transported to a thickener and 
via a second pipe an ammonia salt solution is 
5 transported to a storage tank and that, in the thick- 
ener, the water is separated from the lime com- 
pounds and is subsequently removed. 

1 3. A process according to ciaim 1 2, character- 
ized in that the water from the thickener is spread 

ro over a plot of land. 

14. A process according to claim 12 or 13, 
characterized in that the thickener contains an 
overflow device. 

15. A process according to one of the claims 
fs 13 or 14, characterized in that the sediment from 

the thickener is further concentrated in a separator. 

16. A process according to claim 14 and 15, 
characterized in that the liquid that comes free by 
further thickening, will be supplied to an overflow 

20 basin. 

17. A process according to one of the fore- 
going claims, characterized in that the ammonium 
salt solution is supplied to a dryer, and after drying 
is processed into a dry fertiliser. 

25 18. A process according to one of the preced- 

ing claims 11-18, characterized in that the lime 
compounds are supplied to a dryer, and after dry- 
ing are prepared to form a dry fertiliser. 

19. A process according to one of the claims 
30 11-18, characterized in that the watery fraction 

leaving the stripper/absorber and/or the thickener 
will be supplied to a liquid/air heat exchanger. 

20. A process according to one of the claims 
11-19, characterized in that the warm air flow, after 

35 having been in contact with the manure, is stripped 
from its ammonia in a contacting unit, and is sup- 
plied to a biofilter. 

21. An apparatus for treatment of manure, in 
particular liquid manure, characterized by a 

40 stripper/ absorber to which the manure can be 
supplied and where, with the addition of lime, am- 
monia and phosphate can be removed from the 
manure, the stripper/absorber containing a first 
contacting unit, for bringing the liquid manure into 

45 contact with a flow of warm air to strip carbondiox- 
ide and part of the ammonium from the manure. 

22. An apparatus according to claim 21, char- 
acterized by a second contacting unit where the 
carbondioxide and ammonia containing air flow can 

so be brought into contact with an acid containing air 
flow for the removal of ammonia from the airflow 
and the conversion of the ammonia into an ammo- 
nium salt 

23. An apparatus according to claim 22, char- 
55 acterized by a biofilter to which the air from the 

second contacting unit is supplied. 

24. An apparatus according to one of the 
claims 21-23, characterized by a heating unit for 
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heating of the liquid flow from the first contacting 
unit. 

25. An apparatus according to one of the 
claims 21-24, characterized by a lime supply unit 

for the supply of lime to the liquid flow from the s 
first contacting unit 

26. An apparatus according to one of the 
claims 21-25, characterized by a third contacting 
unit where the lime containing liquid flow can be 
brought Into contact with a closed airflow, that 10 
removes ammonia from the liquid flow. 

27. An apparatus according to claim 26, char- 
acterized in that the closed airflow through a fourth 
contacting unit where an acid containing water flow 

can remove the ammonia from the closed airflow 75 
by converting the ammonia into an ammonia salt. 

28. An apparatus according to one of the 
claims 21-27, characterized by a fifth contacting 
unit in form of a heat exchanger where the liquid 

flow from the third contacting unit exchanges heat 20 
to an airflow, to form an outgoing warm, humid 
airflow. 

29. An apparatus according to one of the 
claims 21-28, characterized by a separation unit for 

the removal of solid material from the liquid flow 25 
free of ammonia. 

30. An apparatus according to claim 29, char- 
acterized in that the separation unit contains a 
settling tank. 

31. An apparatus according to claim 29 or 30, 30 
characterized In that the separation unit contains a 
decanter. 

32. An apparatus according to one of the 
claims 29-31, characterized in that the separation 

unit contains a supplying device for a poiy-elec- os 
trolite. 

33. An apparatus according to one of the 
claims 30-33, characterized in that the settler con- 
tains an overflow basin. 

34. An apparatus according to one of the 40 
claims 21-34, characterized by a dryer to dry the 
ammonia salt. 

35. An apparatus according to one of the 
claims 31-35, characterized by a dryer to dry the 

lime sludge. 45 

36. An apparatus according to one of the 
claims 29-36, characterized in that there Is a sepa- 
rator between the lime supply unit and the third 
contacting unit. 

37. An apparatus according to one of the so 
claims 29-36, characterized in that there is a sepa- 
rator after the third contacting unit. 

38. An apparatus according to one of the 
claims 29-36, characterized in that there is a sepa- 
rator after the fifth contacting unit. ss 
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